PREPARATI ON OF SYNGAS FOR ACETI C ACI D SYNTHESI S BY PARTI AL OXI DATI ON OF
METHANOL FEEDSTOCK BACKGROUND OF THE | NVENTI ON [ 0001] This invention
gener al | ywoebatm®s2sbo a net hod for the process for maki ngcmyanogeano@nd

car bon nonoxi de by partial oxidation reformng of a |ower alcohol, e.g.,
met hanol , and nore particularly to a process for nmaking acetic acid froma
met hanol f eed PREFARATION OF S YNGAS BORACETIEAGID SANTHESHXBYat i on of
met hanol . [0002] In recent years, nethanol production has increased in

countries with hi ghARTSAPrOXUDATIONIOE METHIENOILOPEEDSTHCK gh capacity
plants utilizing high yield processes, for exanple, the Mega-nethanol

t echnol 0gyg , WRIRKBRp ©REETAPRSIdR di fferent locations can often result in
relatively Afow nmet hanol prices (in the case of an oversupply) and

rel atively hi ) L’ﬁrh‘ﬂ 1ngf@1§t1(91|r %e%@%llgl 1) ttep'?o & ﬂ%ﬁ}())(aff Al bdRIk maqug

gerFraIIy to e ces i'VE usa at1 ng Pdings and hones,” and as
we as high usa e in ovver For ex i n.che wher e
syngas i s hﬁg dfCGF Ophﬁoﬁé}f@%é@ Wl%m Pﬁsfogél%go?{n? ﬁ%‘%@?‘% ‘%‘eoi’i s of
acetic acid, h costs can make natural gas cost prohibitive as a

f eedst ock. egnw angh eangr inper parfiaplainite o Hﬂ%eﬁsnfohé@@i”&g aesty AEAdFdRture are
carbon nonoxide (CO and nethanol. By retrofitting existing nmethanol plants
t o i ncl udenethatol feedstbek sydhdanbsi monukidesobtiined by putish dlidation oz injethiangl. e t he
step of inporting nethanol for the synthesis of acetic acid, instead

produci ng met hgped2]ilA rsédnt ye@s, mbthadsleproduaionthas Vintrasetisn chhgtrieetwitf i t of
exi sting net hanol pI ants for the manufacture of acetic acid is known in the

L S e e g e
6,353, 133 processes, for example, the Mega-methanol technology. Market conditions in
different locations can often result in relatively low methanol prices (in the case of an
oversupply) and relatively high natural gas prices (in the case of a shortage), due
generally to excessive usage in the heating of buildings and homes, and as well as
high usage in power plants. For example, in chemical plants where syngas is
produced for the purpose of extracting CO for the synthesis of acetic acid, high costs
can make natural gas cost prohibitive as a feedstock.

[0003] The primary raw materials in acetic acid manufacture are carbon
monoxide (CO) and methanol. By retrofitting existing methanol plants to include
acetic acid synthesis units, it is possible to eliminate the step of importing methanol
for the synthesis of acetic acid, instead producing methanol in situ for the acetic acid
synthesis. The retrofit of existing methanol plants for the manufacture of acetic acid
is known in the art. Representative references disclosing this and similar processes

include US Pat. Nos. 6,232,352 to Vidalin, 6,274,096 to Thiebaut et al, and 6,353,133

to Thiebaut et al, each of which is hereby incorporated by reference.



to Thiebaut et al, each of which is hereby incorporated by reference.[0004]
In US Pat. No. 3,920,717, Marion discloses a continuous process for the

pr oduct i omoahoemesisanol from solid and/or |iquid hydrocarborcyradsenomi in a
catal yst free reaction zone using a partial oxidation reactor. In US Pat.
No. 4,006,099, Marion et al. disclose inproved conbustion efficiency in the
non-cat al yti ¢ ga0d4]dh ik iPdatNors,230,717qMatidnydisdess morratisooss pratessifel s in a
doubl e-annul us-type burner. In US Pat. Nos. 4,081, 253 and 4, 110, 359, Marion

di scl oses (g pRUBAHN FEm ARSI EoRTs MRS liguidasdraulidhandteddlliy a camsi si ng H2
and CO and having a nmole ratio (H2/CO of about 0.5 to 1.9 by parti al

oxi dation gf, r@aclﬁ%ﬁg "28199{1591‘?@%é?@%ﬁo{iﬁﬁkon‘%&&oﬁ uhsIapid /bl ?,096',099,%%-

[ 0005] The use of partia tron reactors for the reformng of natural
f eedst t ' |1 ..k .in th : '
sl oai ng AaArieRY BEPSutT iR SHbioSy W e tobsalR GRATY BlLEaL 81 1 PlGe”
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US Pat. No, 2,896,927 to Nagle et al; US Pat. No. 3,920,717 i on; US
Pat. No. d}@@?ﬂ@%@n@"(ﬂh‘éma@ﬁés @Sa@H{%.le'?\ﬁl.m%,’wp%gr'té%?F‘woseach of

whi ch is hereby incorporated herein by reference., [0006] The manufacture of
hydr ogen f4,0%h2f8t ithdl11085AgMearient dismleres rremether Hgr eaediicing: syathssis &6, i n
conjunction with a hydrogen-generating shift reactor is known in the art.
Repr esent aubstentladlf ebmipeisisig HES addE Ongudtthvimgandokiraiid @12/pDcésbed 0.7t ude US
Pat. No. 4,175,1 15 to Ball et al; US Pat. No. 4,316,880 to Jockel et al;

US Pat. No. gy 5%&@9détfbn@'ﬁ%f&érb@ﬁéteb’§s fdat withNeubsenli4lly g\]ﬁé okk9gehuda, each

of which is hereby incorporateéed herein by reference. [000 The manuf acture

f which is he her el . .
catalyst i o welPORTCHR e TRRG ARud0q EAIBTE, CSEDo i B R B

referen ' in hi her sim | r i ncl udi.n Pat .
Cesfeéj S%O%L;ch sygge%s 18 SW&P g_ng\gvn Fi‘n the art. all{’ep‘r)esce)r?t%‘tslgee %e ereﬁcel'sld 1S osliJr% at

partial oxidation reactors for the production of syngas include US Pat. No. 2,896,927
to Nagle et al; US Pat. No. 3,920,717 to Marion; US Pat. No. 3,929,429 to Crouch;
and US Pat. No. 4,081,253 to Marion, each of which is hereby incorporated herein by
reference.

[0006] The manufacture of hydrogen from methanol using a methanol
reforming catalyst alone or in conjunction with a hydrogen-generating shift reactor is
known in the art. Representative references disclosing this and similar processes
include US Pat. No. 4,175,115 to Ball et al; US Pat. No. 4,316,880 to Jockel et al; US
Pat. i\Io. 4,780,300 to Yokoyama; and US Pat. No. 6,171,574 to Juda, each of which is
hereby incorporated herein by reference.

[0007] The manufacture of acetic acid from carbon monoxide and methanol
using a carbonylation catalyst is well known in the art, as demonstrated by
representative references disclosing this and other similar processes including US Pat.
No. 1,961,736 to Carlin et al; US Pat. No. 3,769,329 to Paulik et al; US Pat. No.

5,155,261 to Marston et al; US Pat. No. 5,672,743 to Garland et al; US Pat. No.



No. 1,961,736 to Carlin et al; US Pat. No. 3,769,329 to Paulik et al; US
Pat. No. 5,155,261 to Marston et al; US Pat. No. 5,672,743 to Garland et
al ; US Pawo 2bie/52628, 871 to Joensen et al; US Pat. No. PC8ICA28@%00m1

H nnenkanp et al; US Pat. Nos. 5,877,347 and 5,877,348 to Ditzel et al; US
Pat. No. 5,883,289 to Denis et al; and US Pat. No. 5,883,295 to Sunley et
al, each of.72h8Thto Joenenebyl; (LhrBatpdead 847.899 ek bmeniganmetradi HS Babdd8] The
primary raw materials for vinyl acetate nononmer (VAM manufacture are

et hyl ene, 38€%L347 aci H8&AhM OroyPrre]l eCar DISPadli Mok Sg&8 3, 2890 debmieet afsand US

undesi rabl e byproduct in the reaction and nust be renoved fromthe recycled

et hyl ene. PatsNEN, 88T 29 tLSRBASE: D cadBWF RHRMUS the @By ¢@ddasdrhiéd fbﬁ/'rreféb@ﬂ@@&
nmet hanol, acetic acid and acetic acid derivatives such as VA is the

capi tal cogl.ipf the necessary equipment. Qher significant expenses include
t he operating costs, including the cost of raw materials. It would be

desirable if t ital and operati.n osts coul d _be reduce 09] As
far as appli carﬁ@aﬁg]c@%arp&macrﬁefae i?aﬁ?ﬁlalgi g%rl odth ea?eﬂat? h@OB?Iin%rr d(gr‘%l\q?or
supplying a net hanol feedstock to a partial oxidation reactor t roduce
hydrogen aR#Haswsirershyleneercetis a¢ifand prysrdsi Garhen dioxiqecs K54 .Ce‘fg—ﬁl&“her, as
far as applicant is aware, there is no disclosure in the prior art for

modi f yi ng widesitabley biyptodagtoin phexneastinavandgnpiat the atemswed afrpwntheetesyded t o
reforma | ower alcohol, e.g. nethanol, in the presence of carbon di oxide,
oxygen, stehytey. A sigiificaat éxpenichef eok . pr&llBiRCapdeityHer IshdadTmeMapalD10] The
present invention is directed to a nethod for the preparation of syngas

oA o RS BEIAALn ) B ot 0 B8 s

particul arﬂ@ée&sgrya equipment. Other significant expenses include the operating costs,
including the cost of raw materials. It would be desirable if these capital and
operating costs could be reduced.

[0009] As far as applicant is aware, there is no disclosure in the prior art for
supplying a methanol feedstock to a partial oxidation reactor to produce hydrogen and
carbon monoxide for the synthesis of acetic acid. Further, as far as applicant is aware,
there is no disclosure in the prior art for modifying existing methanol plants having
partial oxidation reactors to reform a lower alcohol, e.g. methanol, in the presence of
carbon dioxide, oxygen, steam or a combination thereof.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a method for the preparation of
syngas from the partial oxidation of methanol for use when the costs of methanol
feedstock are low relative to the costs of natural gas, and more particularly to a

method for the preparation of acetic acid from methanol and CO, where the CO is

separated from syngas produced by the partial oxidation of a methanol feedstock.



met hod for the preparation of acetic acid from nethanol and CO where the
CO is separated from syngas produced by the partial oxidation of a nethanol
f eedst ockwpQ0ds/ib526¥he present invention provides, in onecerhadvmmniog a

nmet hod for preparing a hydrogen-rich streamand a carbon nonoxi de-rich
stream The nethod includes the steps of (a) reacting a nethanol feed
stream and an oX9YENTHd pressitr wemtican grovjies,oimlbohy emtodimartat unethndder at or
in a partial oxidation reactor to produce a syngas stream (b) separating

t he syngaspygpdrRam hidBgéh-eH BRdhint bk b d@ridnChosd i @aitia Bleadn NTThE dn&hé®am
cont ai ni ng hydr ogen/ carbon nonoxi de, and (c) separating the m xed stream

into a hy A L.de-ri nmet hod
can furt h(ejigﬂlﬂﬁ% t&h@&tp %teotfz%reygg%&g\?aa%g{h?g@nfgp{lP%géaqng%llilda%%P)?#ééag mgts-r{lgg% bef ore
supplying tqg the rtial oxjdation reactor. The tenperature npderator can
be- oel ect et o AriEmeRhoh B To Aoy G B0 B s TRLY S
effluent, or m xtures thereof. The tenperature npderataor can be a carbon
di oxi de- r | YRSt YA (Deyparang thesyagee gﬁ@%ﬂlﬁp agpropeHoxide Figh stgan an

oxi dation reactor can be catalyst-free and operated at a tenperature

bet ween 1100ixaddst@@B0@ntiniag drydisigpy/cathen paomokiale, and Gatsermatingaibe orixedhn be
operated at a tenperature between 1300 and 1500C. The net hod can further

i ncl ude r edehinngtota pedrbp@nricl stdagn AR Hamdbn headxitaantneimhh THeanethodon
nonoxi de rich streamto produce acetic acid. The nethod can further include

the steps of MFRM% idiiRge theNitdy 8965 osikngam tehaNicad kSRR RERY Qippiihd . and
supplying the nitrogen stream and t he hydrogen-rich streamto an ammoni a

synthest s il Jo0i" Q5468 ATARA! aThgqgmgﬁ%&?éj ofeialdf! {ehe LOELUATLNE St eps
of providing art et yl'ene 'streany and supplyling the ethylene stream oxygen,
and acetic acid to a. vinyl acetate oner synthesis unit.to produce vinyl
acet at e noficifer carBaTe digxilge ATEBEM 70@?$@n?@yégﬁ te%i ean‘?rd@f’ft'éﬁ‘?Ell%éﬁ‘ffﬁr and
to the vi n_}[l acetate nononer synthesis unit can be provided by a single

he temperature moderator can be a carbon dioxide-rich stream recycled from the

reactor effluent. The partial oxidation reactor can be catalyst-free and operated at a
temperature between 1100° and 2000°C. Preferably, the partial oxidation reactor can
be operated at a temperature between 1300° and 1500°C. The method can further
include reacting a portion of the methanol feed stream with the carbon monoxide rich
stream to produce acetic acid. The method can further include the steps of providing
a nitrogen stream from an air separation unit, and supplying the nitrogen stream and
the hydrogen-rich stream to an ammonia synthesis unit to produce ammonia. The
method can further include the steps of providing an ethylene stream, and supplying
the ethylene stream, oxygen, and acetic acid to a vinyl acetate monomer synthesis unit
to produce vinyl acetate monomer. The oxygen supplied to the partial oxidation
reactor and to the vinyl acetate monomer synthesis unit can be provided by a single
air separation unit.

[0012] The present invention provides, in another embodiment, a method for

converting an original methanol plant to a converted plant for the synthesis of acetic



air separation unit. [0012] The present invention provides, in another
enbodi nent, a nethod for converting an original nethanol plant to a
convert edwplastoofwmp t he synthesis of aceticacid. The nerhodY2nesioodws t he
steps of (a) providing the original nethanol plant having at |east one
partial oxidation reactor for converting a hydrocarbon to a syngas stream
cont ai ni ngchly dThgencthedirihdudasohesicpe cdr(d) prrviding dhoriigieal sxthaaolhplahanol
synt hesis | oop for converting hydrogen and carbon nonoxi de fromthe syngas

stream t o IRinganMast (i) patigvdxddat9n fredct@Upptotivegingta hpRstarborprd sypgasof a
met hanol feedstock stream oxygen froman air separation unit and

optional | g egmt iﬁ%ll'lrﬁr PA e Y moh&kildend@laltBAtio:A88 RArd hdthagyl dation
reactor, (c) Installing a first separation unit for separating a carbon

giy(r)lgiage;a; :CSS’E%I%%% ‘Iao?om OIP ggl?vgﬁﬁ( el?}rdgél%derg%% (rg}éu%%h %&}0@&%&& thefs %}Ingm&e% m the

| cond“separation unrt r°Separating a

hydr ogen-rich stream and . a carbon mynoxide rich streamfrom{he. m xed
stream (é&¥ mﬁgi"@il {0 é’%‘ﬂ&%%’f sunplyRe &l fRaped PErtion (ff,aa me}haBPf)J{jﬁegﬁtﬂ f or
supplying the carbon nonoxi de-rich streamfromthe second separation unit
and a por tstreamofxyighe fient sramio berfesios ot land ppbenally oa teesdeeineodgedter. ®ynt hesi s
unit; and (g) installing isolation valves for isolating the nethanol

synt hesi s thoap léasdmnt hartiaz nadidudien wehctdhecy dmpvdlingd fisantpardtios et Hanol
feedst ock can be vaporized prior to being supplied to the partial oxidation

reactor. Téagara@ﬁgﬁ@dc&%h faustidnefich Rebadenihg Bixedhydfodehkaibos tabhdxige an
anmoni a synthesis unit for reacting a hydrogen-rich streamand nitrogen to

orm ammrﬁt@%mgf@rré gﬁrﬁoéf}‘rng?r{'?@fé@été dggﬂétéﬁhﬂg a%Ecdﬁﬂgs%%zﬁQﬂ&Pﬁﬁl‘t iols s@{n/ag& ;

hydrogen-ric am _ ration-unit e ammoni a synthesis

he. ammni SRR e R B B R e e PR e RBR R E 4L o'

installing a vinyl acetate nononer synthesis unit for i
installing “an acetic acid synthesis unit, (f) providing for supplying the carbon
monoxide-rich stream from the second separation unit and a portion of the methanol
feedstock stream to the acetic acid synthesis unit; and (g) installing isolation valves
for isolating the methanol synthesis loop from the remainder of the converted plant.
The methanol feedstock can be vaporized prior to being supplied to thé partial
oxidation reactor. Thé method can further include the steps of (h) installing an
ammonia synthesis unit for reacting a hydrogen-rich stream and nitrogen to form
ammonia, (i) providing for supplying at least a portion of the hydrogen-rich stream
from the separation unit to the ammonia synthesis unit; and (j) providing a nitrogen
stream from the air separation unit to the ammonia synthesis unit. The method can
further include the steps of installing a vinyl acetate monomer synthesis unit for
reacting ethylene, oxygen, and acetic acid to form vinyl acetate monomer, providing

for supplying at least a portion of the oxygen from an air separation unit to the vinyl

acetate monomer synthesis unit; and producing a carbon dioxide-rich stream in the



reacting ethyl ene, oxygen, and acetic acid to formvinyl acetate nononer,
providing for supplying at | east a portion of the oxygen froman air

separ at i onoundct0059t he vi nyl acet ate nononer synthesi s ®oirtGy2eoshoprooduci ng
a carbon dioxide-rich streamin thevinyl acetate nononmer synthesis unit.
The method can further include recycling the carbon dioxide-rich streamto
t he parti alinydxtetatkimmoneacyothesif 063[Themethat bar fuethbo dichsiatrecychieg greesent

i nvention provides a nethod for preparing hydrogen, carbon nonoxi de and

aceti ¢ acigrtoh ABIBRL A Sheamfdehepirtioicbidtlondestdrhe steps of (a) supplying a
vapori zed net hanol feed stream an oxygen-rich stream and optionally, a

Lemper atur e OGP abfheP chALERISL (hE SRsbAY balicihidokieon hams asr to form

a syngas strea ri sing hydrogen, carbon nonoxi de and carbon di oxi de,

b) separating a,carbon dioxide-ri.gh _stream an d rbon
tonoxi de. SEPRLRE LS GipRERe O SEnHAC ARl “F A 400 gRal ot BhaOY ] TROBMER 20
stream and a carbon nonoxide-rich streamfro é@%ﬁ%xed strea ancizll‘1 (d)
reacting tipdudesrthe eppabia) qepRlyiag as‘fapé%?ﬁdvﬁl?‘g]a tFengTeay 28 OXEBE aci d

synthesis unit to produce acetic acid. The method can further include the
step of retyaohj myl aptidrellst a depparatusnmofleratos ©az BYAlY-Bss setipl eFdgieam t o
the catal yst free partial oxidation reactor as a tenperature noderator.

BRI EF DESGRIJJ! toNofr aTdyngBRAWaNGEothpikidd hdrggen] chrboa momyxidef aneldcapher al |
bl ock fl ow di agram of one enbodi nent of the present invention for the

product i ony;0fi gy Ratfdda CRFRANiBRBQKE &tbaR Bndet RhaRe] hydre@dBdarbdrg. 2 i's
a sinpli firﬂéﬁzlg%}e@glg%%b? ocC af | ow dilagran}l forr thenpl ant of %i g. 1, wherein an

el oo R Al SRSl (L PIg e ot Soeki degiss, 10010
carbon monoxide-rich stream from the mixed stream, and (d) reacting the carbon
monoxide-rich stream with methanol in an acetic acid synthesis unit to produce acetic
acid. The method can further include the step of recycling at least a portion of the
carbon dioxide-rich stream to the catalyst free partial oxidation reactor as a
temperature moderator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a simplified overall block flow diagram of one embodiment of
the present invention for the production of hydrogen and carbon monoxide from
methanol.

[0015] Fig. 2 is a simplified overall block flow diagram for the plant of Fig. 1,
wherein an acetic acid reactor has been added for the synthesis of acetic acid.

[0016] Fig. 3 is a simplified overall block flow diagram for the plant of Fig. 2,
wherein an ammonia synthesis reactor has been added for the synthesis of ammonia.

[0017] Fig. 4 is a simplified overall block diagram for the plant of Fig. 2,

wherein a vinyl acetate monomer reactor has been added for the synthesis of vinyl

acetate monomer.



wherein an ammoni a synthesis reactor has been added for the synthesis of
ammoni a. [0017] Fig. 4 is a sinplified overall block diagramfor the plant
of Fig. 2Ayvowhevmeswoa vi nyl acetate nmononer reactor has lpeercyadasadodoor the
synt hesis of vinyl acetate nonomer.[0018] Fig. 5is a sinplified overall
bl ock diagramfor the plant of Fig. 3, wherein a vinyl acetate nononer
react or has bedf0jddg § ds atdimphfied beshl tdckviiaglamatet tht eplarsrdnige. 3] 0019]
Fig. 6 is a sinplified overall block flow diagramfor an alternate

embodi nentyadeih heviRyesRRte MMbARRIck 98act@hak Rep hedHICor aRe efnthysty eUeinyland

car bon nonoxi de from nmet hanol wherein carbon dioxide is separated and
recycl ed ta%ettaﬁqnéirfb or. [0020] Fig. 7 is a sinplified overall block flow
di agram for t ant of Fig. 6, wherein an acetic acid reactor has been

added for the is,.of aceti.c.acid. 21] «Fi 9.8 i ] .11 ed
overal | bl ock ﬁp@téﬁ‘ﬁ%g?a%?8}1“]?1?%6%&“&??1& g?%%—zi S.C)W??la‘;ﬁg? é@ ng}énrgyg{‘rgr%eni a
reactor has been added for the synthesis of ammpnia 022] Fi,g. 9 is a
sinpl i fi e®mRedimagnt of| Bekprgseay iaysnfiop ffs)héheplp ciyn Pfdig'glﬁge%}\/r?@pe‘faﬁboél vi nyl
acetate nononer reactor has been added for the synthesis of vinyl acetate
nononer . [BORBjdeFfrgmiMethgnel whensin edrben diaxidd is tsparleddinggregreledio thee pl ant
of Fig. 8, wherein a vinyl acetate nononer reactor has been added for the
synt hesi s redctorl nyl acetate nonomer. DESCRI PTI ON OF THE | NVENTI ON [ 0024]
Det ai | ed enbodi nents of the present invention are disclosed herein.

However, it is [gosigsEord dfabliieodtae bRk do® tadhaEDdE thedit BEFRY. ¥,

exenpl ary of

wherein an acetic acid reactor has been added for the synthesis of acetic acid.

[0021] Fig. 8 is a simplified overall block flow diagram for the plant of Fig. 7,
wherein an ammonia reactor has been added for the synthesis of ammonia.

[0022] Fig. 9 is a simplified overall block diagram for the plant of Fig. 7,
wherein a vinyl acetate monomer reactor has been added for the synthesis of vinyl
acetate monomer.

[0023] Fig 10 is a simplified overall block diagram for the plant of Fig. 8,
wherein a vinyl acetate monomer reactor has been added for the synthesis of vinyl
acefate monomer.

DESCRIPTION OF THE INVENTION

[0024] Detailed embodiments of the present invention are disclosed herein.
However, it is understood that the disclosed embodiments are merely exemplary of
the invention, which can be embodied in various forms. Specific structural and
functional details disclosed herein are not intended to be limiting, but merely
illustrations that can be modified within the scope of the attached claims.

[0025] The plant for the process of reforming methanol in a partial oxidation

reactor to produce syngas can be a new plant, or it is preferably the retrofit of an



the invention, which can be enbodied in various fornms. Specific structural
and functional details disclosed herein are not intended to be limting,
but nerelwoizbéeumbreat i ons that can be nodified wthin theczapeosavodone
attached cl ains. [0025] The plant for the process of reform ng nethanol in
a partial oxidation reactor to produce syngas can be a new plant, or it is
pr ef er abl yexistiog meathampl plant whink dicduden gt lvett hanpértipl eidatighiredstorncl udes at

| east one partial oxidation reactor. [0026] The present invention provides
a solution to the2qrii pescnassentian @tbviddshn kdletigur adthet problenls ssyoviasi f rom
natural gas when the costs of natural gas are high. Wen such economc

condi ti onsy@xiRtprodicAibh of Ak A AiraBisRARal the bektaeBhdtGraPsdsthre Highhesi s
can be reconfigured for the production of acetic acid using existing

1 N 8, A R sy L s ) e

conversion o o car ogen IS general ly
by the foll ow ng reactions: (r)CO + 2H2 CH3OH.+ H20 3. H2 + CO2 |f
dosi red, _CARUBTE HBAoRT dECBHTEL Fain HeaProBuSh it SoA0RH VACK (himer SVEVTe shi f
reacti on (shown bel ow) where carbon, di oxi de and hydrogen conbine to form
car bon norBha! sieak giafeed to thegeactqupingicpd-ofptyplgrsg] Referring to Fig. 1, a
process is provided for the partial oxidation of a nmethanol feedstock
stream to prodUfe2d Biengas/esstior amméthaivl dancaneons epaoatde daridnbhpdrhgelr ogen (H2)
and carbon nonoxide (CO streans for further use. A nethanol stream 110 is
suppl i ed tsho@ngahahysby fhedelipaing rédctiond: dat i on (POX) reactor 112 of an

exi sting nethanol synthesis plant, where it is conmbined with oxygen 114 and

CH30H <« CO + 2H,

CH30H + H,0 < 3 Hy + CO;
If desired, carbon monoxide production can be increased via the reverse shift reaction
(shown below) where carbon dioxide and hydrogen combine to form carbon
monoxide and water.

CO; +H; «» CO+ H,0O

[0028] Referring to Fig. 1, a process is provided for the partial oxidation of a

methanol feedstock stream to produce a syngas stream which can be separated into
hydrogen (H2) and carbon monoxide (CO) streams for further use. A methanol
stream 110 is supplied to a catalyst-free partial oxidation (POX) reactor 112 of an
existing methanol synthesis plant, where it is combined with oxygen 114 and
optionally steam 116. The methanol stream 110 is preferably a pre-existing purified
feedstock or a commercial methanol product which has been purified by distillation or
another conventional process. The oxygen 114 is obtained from an air separation unit
(ASU) 111, which is supplied with compressed air. Steam 116 can preferably be

provided by pre-existing facilities. Nitrogen and excess oxygen (not shown) provided

by ASU 111 can be provided to controls.



optionally steam 116. The nethanol stream 110 is preferably a pre-existing

purified feedstock or a comrerci al nethanol product which has been purified
by di sti IWatzn@moszcoanot her conventional process. The oxygemrykdes/iosooobt ai ned
froman air separation unit (ASU) 1 1 1, which is supplied with conpressed

air. Steam 116 can preferably be provided by pre-existing facilities.

Ni t rogen and ex®3%] Bxxgem feadstockhidviry npt lwitell dheomethSubl feddsomk 186 cpm ovi ded

to controls.[0029] If oxygen feedstock 114 is not |limted, the nethanol

f eedst ock Beléipphed fieths w@etdredrdomn tdngerfaet af s@&hém@gﬁpﬂéﬁhﬂéﬂﬁmtddf
supplies of oxygen 114 are limted, however, e nmet hanol feedstock 110 can

be preheat ﬁdiue%f“tﬁé méeRAc! ?e@&’stédkoflos&ﬂ%}) rQﬁéa%rd dnd/c? R +r¥i gqtnépshto% ) POX

reactor 112. Whén room t enperature methanol 110 1S sup o the parti al

oxidation [ n dro L8N in the
syngas ef P rﬁ%ﬁ%’%ﬂ@ymé toacfuﬁ(ggere%%é%b? %gg%ocr? em&?%“&‘*a’%gt%?‘gﬁﬂég syngas
effluent 118 t| n CO and The effluent 11 ener al I y

cl eaner th%wpﬁvﬂ %tfﬁeé@aﬁl%rﬁaa‘wﬁé%ih PSP %g?ﬁjih‘i»iwgmen
inmpurities were rem)ved during synthesis of the nmethanol feed stream 110.
Ef fl uent 1d@fenifn e spussb eflpenchl Beeduse.t o C2 separation unit 120 which
produces a CO2-rich stream 122 and a m xed CO H2 stream 124 essentially

free of CO2. Th@OBIPPOKckagdr EEhwdPRrodese Heyngentiheantl § tmsisting df B2 H2
stream 124 can be supplied to separation unit 126. [0031] Separation unit

126 pref er@bl ynd oohudese eELREHI8S iS g&ié@zﬂlyaﬂgar@r %V%tghQPﬂJdu@&ﬂ floRox. The
separation unit 126 splits the m xed stream 124 into at least a COrich

stream 128, ang; g%ua " 4sChhus IIE ‘o afe :k‘l%?urltt?éét 1%“reﬁlo§9ﬁ2dﬁ&hg%g6fﬂemﬂ gfpunt s of

one Oor nore res or tal gas streans m xe can be

gts ?g aﬁqs f ur%'ethanoﬁxgcp srt%e%gl Hbc.)tE et ?1’8, aptgr c%%h{lg,cchansbt "€3'% %%% se:para%_| g rich

unit 120 which produces a CO2-rich stream 122 and a mixed CO/H2 stream 124
essentially free of CO2. The CO2-rich stream 122 can be vented and the mixed
CO/H2 stream 124 can be supplied to separation unit 126.

[0031] Separation unit 126 preferably includes molecular sieves and a
conventional cold box. The separation unit 126 splits the mixed stream 124 into at
least a CO-rich stream 128 and an H2-rich stream 130, but can also include minor
amounts of one or more residual or tail gas streams of mixed H2 and CO which can
be used as fuel or exported (not shown). The CO-rich stream 128 and H2-rich stream
130 can be supplied to alternate processes, such as, for example, acetic acid synthesis
units or ammonia synthesis units, respectively, which are further discussed below.

[0032] As shown in Fig. 2, CO-rich stream 128 can be supplied to an acetic
acid synthesis unit 132 where it is combined with a methanol stream 134, which can
be obtained from the same feedstock that supplies the POX reactor 112. The acetic
acid synthesis unit 132 can employ manufacturing equipment and methodology well

known and/or commercially available to those skilled in the art to form acetic acid



130 can be supplied to alternate processes, such as, for exanple, acetic
acid synthesis units or ammonia synthesis units, respectively, which are
further dwvecuesmwesébel ow. [0032] As shown in Fig. 2, CO pcriobeszamol28 can
be supplied to an acetic acid synthesis unit 132 where it is conbined with
a nmet hanol stream 134, which can be obtained fromthe sane feedstock that
suppl i es t h¥ PO CRact Breaml 28 afldenetbatol viasticamsiprs sushias, fonetani82 fam enpl oy
manuf act uri ng equi prent and met hodol ogy wel |l known and/or comrercially

avai | abl e §@ drhnse oFkhd ARbc abidthand@idiuring fabdni mesfidredadb ekl SBorfaxaitiped Vi a
stream 128 and net hanol via stream 134, such as, for exanple, fromone or

more of the c&fx@hﬁ?na@‘ﬁ%ﬁ%@@@fo%és%@n B@%ﬁ@}% mtdnqmo&%qyﬁmcﬁ@am@xawpl e,

a conventional BP/ Monsanto process can |'oyed, or an i nproved

BP/ Monsant 0 CESS Ly hnol | r ),

Cel anese I%\R/Q‘?Ngt erP %lglg o(g%lv rtﬁ%q)gjl ngS' I ﬁ }ulﬁnmcggﬁ' S teéegél}%g‘]f qg\évalet%}

M 1| enni um | ow, wat tech ogy (rhodiu hor.ous . oxi de ca st) and/ or
dual pr oce@%hfl?é?%’a diugy- ggﬁ%aﬁ‘q WW&}S& g@‘ﬁﬁ?@“@s&‘%r?"i Q’E [ gl‘?ﬁ%:
reaction generally conprises reacting nethanol, methyl formate, or a

combi nat i oﬁhwm@mmhbswhvrwsempdeﬁﬁb@t)o&ndéprrcti@bmimsm@ﬂ@n@l eshpilgiong car bon

nonoxi de, water, a solvent and a catal yst system conprising at |east one
hal ogenat eﬁhethlybfmtrﬂte aonhedrationasThoreactimngmeradlycfonrpiises teacting indithangl, or a
conbi nati on thereof. [0033] The reaction m xture for the acetic acid

synthesi s Re@iEfeRlate, NGS aacoMifitionOtHeRIDE iRftht as8schbanf20 raptightmiRareent ,
nmore preferably bet ween approxi mately 14 and 15 wei ght percent. \Wen the

Foacti on e GIRRE ch B MR AR L BRI O SR R SRPRHEPEAR. . wmen
| omer | zat RO SRGCBE a&%%%r%t o e O Rt o HRASH 678, 2t
contains combination thereof.
[0033] The reaction mixture for the acetic acid synthesis preferably has a
water content of less than 20 weight percent, more preferably between approximately
14 and 15 weight percent. When the reaction comprises low water carbonylation, the
water content in the reaction mixture is preferably from about 2 to about 8§ weight
percent, When the reaction comprises methyl formate isomerization or a combination
of isomerization and methanol carbonylation, the reaction mixture preferably contains
a nonzero quantity of water up to 2 weight percent.
[0034] As shown in Fig. 3, the process can optionally include an ammonia
synthesis unit 144, designed to take advantage of the H2 from the syngas stream 118
and nitrogen from the ASU 111. All or a portion of hydrogen stream 130 from the
CO/H2 separation unit 126 is reacted with an N2 stream 142 from the air separation
unit to form ammonia collected in stream 146. Ammonia output from the synthesis

unit 144 can be increased by increasing hydrogen feed, or by adding a second

ammonia synthesis unit (not shown).
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a nonzero quantity of water up to 2 weight percent. [0034] As shown in Fig.
3, the process can optionally include an ammonia synthesis unit 144,

desi gned wo 2@kesmwdvant age of the H2 fromthe syngas st pearoYbid/momdi
nitrogen fromthe ASU 111. Al or a portion of hydrogen stream 130 fromthe
CO H2 separation unit 126 is reacted with an N2 stream 142 fromthe air
separ ati on uni t[0085]f A5 shewminFa. dotHegub@ds tan spticeally ldkbuderamingl acetatd put
fromthe synthesis unit 144 can be increased by increasing hydrogen feed,

or by addi Rgndn&EGAN) IPRREYAuSY D541El ;I&na@ﬁ bf (He0dce6H0)rdrn@ B36l 368ashown i n
Fig. 4, the process can optionally include a vinyl acetate nononmer (VAM

synt hesi Slg%%etd \Jiﬁingﬁl eseg}mnoeﬂeﬂpwgynafegﬁsi@gafﬂ'adwﬁ&%n} LiD6e }36iaapape fed

via line to an synt hesi s uni 6 Wwhere it can be reacted with

et hyl ene 152 via J.jne 15 nd .at. | east ortion_ of e.oxygen 113 fromair
separ at i on°BvifRe K Yla&nleﬁ&giaﬁdﬁi E&H&P%’ﬁ?@g{ﬁﬁlﬁ’é%? o@%‘?sagasep?rﬁéon
conventional VAMdistillation unit 160 to produce essentially pure
(commer ci aynikplei4 ligaid praguoyaveam 458 isqsoossed i pepRIHoRsk VA Siddiaiey as a
byproduct of the VAM synthesis can be separated fromthe reactor effluent
gases Vi a enic b6 enprainat eSERtialgnpwal (coysiemial (spetifistiom )V AMdviedimgclédd to t he
POX reactor 112 via line 164. [0036] VAM production can be mainly achieved

by the acetgwyhaioxa gbd@leluk angprdaardithgVAd shehétaein tersepfatdd fonAcOH + 0
2 (r)VAM + H20 The main by-product CQ2 is forned by the reaction C2H4 + 302

(r) 202 g W@th?%iﬁﬁéﬂt%%é’s {82 LR AERREEDY IRl HA SRRIO(ASELBLN) dnB % CC2
by mass. Typically, a VAM pl ant produci ng approxi nately 100,000 nhetric tons

per year (r'\élc]:_}plecf) tfo t}\(%X reactor 112 via line 164.

[0036] VAM production can be mainly achieved by the acetoxylation of

ethylene according to the reaction:

C2H4 + AcOH + %2 02 — VAM + H20
The main by-product CO2 is formed by the reaction

C2H4 + 302 — 2C0O2 + 2H20
Selectivity for the process yields approximately 7-8% CO2 by mass. Typically, a
VAM plant producing approximately 100,000 metric tons per year (MTY) of VAM
requires approximately 35,000 MTY of ethylene and produces between 5,000 and
10,000 MTY of COZ.

[0037] As shown in Fig. 5, a vinyl acetate synthesis unit 156 can be added to
the existing acetic acid synthesis unit 132 and ammonia synthesis unit 144 for optimal
usage of the syngas stream. The VAM synthesis unit 156 can be supplied with a
portion of the acetic acid product stream 136 via line 150 for the synthesis of the
monomer. Crude VAM exits the VAM synthesis unit 156 via line 158 and enters a
distillation unit 160 to produce a product stream 162. Carbon dioxide produced as a

byproduct of the VAM synthesis can be separated from the reactor effluent gases via a
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requi res approxi mately 35,000 MIY of ethylene and produces between 5, 000
and 10,000 MIY of CO2. [0037] As shown in Fig. 5 a vinyl acetate synthesis
unit 156 wanodosmded to the existing acetic acid synt hestayenostood®2 and
ammoni a synthesis unit 144 for optinmal usage of the syngas stream The VAM
synthesis unit 156 can be supplied with a portion of the acetic acid
product st cemmtidal! CiOR temmeall §6teofnot Keoveyrandaseyslash totthe Pebhoeetor 1&2 ude VAM
exits the VAM synthesis unit 156 via line 158 and enters a distillation

unit 160 tgiapmedgs¢e a product stream 162. Carbon di oxi de produced as a
byproduct of the VAM synthesis can be separated fromthe reactor effluent

gases via aconvgpbRPRRkh&Rn % FRTBVA orSYSh@M Mk cabemdloxdbnasydiced to the
POX reactor 112 via line 164. [0038] As shown in Fig. 6, all or a portion

of the carpo L OXi 0 ggﬂ eff 1 uent
218 and r e%%dg?eg%‘% fegd?%ré%%%%nrggg%ﬁg“reﬁgglf ﬁg%ﬁgdnéqr @lglf(ﬁex;r% Tcg%lsléz ' Sjltl i ed
to the partial oxidati PO t 212 of [ St t PP

g react or of . e n 0
synt hesi s E‘Iegﬁ’él?l W?éF’eSPQ g? §‘>1%6W§itﬂet © \Reitial B%V%gﬂn Zgégﬂg“ﬁr gﬁaohia%xi de
222. The net hanol stream 210 is preferably a pre-existing methanol
f eedst ock owibting mebhaneepmibess pbans| Whese it if Cembmgd qvigt pX25Ri2dt aBf CAREE her
conventional process (not shown). The oxygen 214 is obtained from
pre- exi st i digxajer 222pailh¢ i methemolt stfeABUR 1011k, paefsretily i & fredxisting méthanol

conpressed. Carbon dioxide 222 can be produced in the reformation of the

net hanol 2{Rdasck GaRRhLRsMREY ph&tbusy ;ISth-ﬁeHG@Cdi@ﬂillaZiba dreg@dthel QOB3&hti QX
reactor 212 can produce a syngas effluent 218 consisting of H2, CO and CQ2.

The efflue orcrg%gn&sshgﬁﬁfrﬁ&é a/xf?kﬁ@p@{s 6b?ﬁﬁbdst¥<§ﬂ§§e-9£i9ﬁ&écﬁgsé LHbA uhAt ur al

gas feed a of the inpuri'thes are renove uring synthésis of the

feedst ock. (R YR NidR1s AL\ FRRLMBRuscd? R0 BxlR SR AMABhILE UN !

in the reformation of the methanol 210 and can be recycled to the reactor 212 feed.

[0039] POX reactor 212 can produce a syngas effluent 218 consisting of H2,
CO and CO2. The effluent 218 is generally cleaner than syngas produced from a
natural gas feed as much of the impurities are removed during synthesis of the
feedstock. Effluent 218, after cooling, can be fed to CO2 separation unit 220 which
produces a CO2-rich stream 222 and a mixed CO/H2 stream 224 essentially free of
CO2. The CO2-rich stream 222 can be recycled to the POX reactor 212 and the
mixed CO/H2 stream 224 is supplied to separation unit 226. Recycle of the CO2-rich
stream to the POX reactor can increase CO production between approximately 5-10%
and decrease hydrogen production between approximately 3-8%. When the CO2 is
recycled to the POX reactor, for a given production rate, the methanol feed
requirement is thus reduced.

[0040] Separation unit 226 preferably includes molecular sieves and a

conventional cold box. The separation unit 226 splits the stream 224 into at least a

CO-rich stream 228 and an H2-rich stream 230, but can also include minor amounts

12



produces a CO2-rich stream 222 and a m xed CO H2 stream 224 essentially
free of CO2. The CO2-rich stream 222 can be recycled to the POX reactor 212
and t he mveadid@dbidd stream 224 is supplied to separati orcuwgy208aB000Recycl e
of the CO2-rich streamto the POX reactor can increase CO production

bet ween approxi mately 5-10% and decrease hydrogen production between

appr oxi mat ef gne3er8fore\edudl lve talGasissreares ytinectdti? sivkCOGMhick aat be pseas a

gi ven production rate, the nethanol feed requirenment is thus reduced.

[ 0040] Sepatedtrbdolednd thed2fotdt 6f &ipdbled (ioighaiigs nol ecul ar sieves and a
conventional cold box. The separation unit 226 splits the stream 224 into

at least a COr L@Elfk"seﬁi%zﬁl ?‘%g BChZich! GRadt Q?@%}a@% ciHbinERRyif §O

i ncl ude mnor a nt sof one or re residual or tail gas streans of m xed

H2 and CO whi ¢ch can be used. as fuel  .recycl t he.react or. xported
(ot shownjDiefigie AGoUREF ol TR Pah %o oie %R 95 BEB b1 e
with a stoichionetric ampunt of the t hapol feedstock 234 tq yield acetic
aci d 236, bytheticymetsas phigh basdsn ssceheha e AR i EiE. ShFa12HEh shown
in Fig. 8 the H2-rich stream 230 can be reacted with nitrogen 242 from ASU
240 in an siman?23) eanbenreaiisd witht niragent 1 2yfresh A EAhRa0imap pomesia yagesis
Alternatively, all or a portion of the H2-rich stream can be supplied as
fuel or expot2étlid geklnnmahbeinpaddicp o6 edstefmativelsuder)a pdrfiod 2f thasH3mioln i n
Fig. 9, the process can optionally include a vinyl acetate nonomer (VAM

synthesi s whiah @Rfbe sDpPRIdtdsqelQfr ckP&itcAas bh G11@GhE phdRH (nbbshoddf). can be fed
via line 250 to an the VAM synthesis unit 256 whére it is reaCted with

oLl ene 292 v\ ylTR RIS S SBhor RSt LRy e g Siybrom o
?g(r)“rﬁ’rem?f’ L?gﬁfogg@%/lli &%&b:sgﬁ Ies&g\k#@:%qz ?%ggct)l%gg'ro? i scetic act tfirc?lllll%le%%%%an

be fed via line 250 to an the VAM synthesis unit 256 where it is reacted with ethylene

252 via line 254 and at least a portion of the oxygen 213 from air separation unit 211.

A liquid product stream 258 can be processed via conventional VAM distillation unit

260 to produce essentially pure (commercial specification) VAM via line 262.

Carbon dioxide produced as a byproduct of the VAM synthesis can be separated from

the reactor effluent gases via a conventional CO2 removal system (not shown) and

recycled to the POX reactor 212 via line 264.

[0043] As shown in Fig. 10, a vinyl acetate synthesis unit 256 can be added to
the existing acetic acid synthesis unit 232 and ammonia synthesis unit 244 for optimal
usage of the syngas stream. VAM synthesis unit 256 can be supplied with a portion
of the acetic acid product stream 236 via line 250, ethylene 252 via line 254, and
oxygen from the ASU 211 via line 213. Crude VAM exits the VAM synthesis unit
256 via line 258 and enters a distillation unit 260 to produce a product stream 262,

Carbon dioxide produced as a byproduct of the VAM synthesis can be separated from

the reactor effluent gases via a conventional CO2 removal system (not shown) and
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Car bon di oxi de produced as a byproduct of the VAM synthesis can be
separated fromthe reactor effluent gases via a conventional COQ2 renoval
syst em ( w0 28bsmomdsvand recycled to the POX reactor 212 wca/dyiznes/@eoh1 [ 0043]
As shown in Fig. 10, a vinyl acetate synthesis unit 256 can be added to the
exi sting acetic acid synthesis unit 232 and anmmoni a synthesis unit 244 for
opti mal usaggclef totthePOXNgagos? I2edmliny/AbA.synt hesi s unit 256 can be supplied
with a portion of the acetic acid product stream 236 via |ine 250, ethylene

252 via line 25fo4aginnygehotl SN avASY @aikalyy andlude tBd Sstedfal UeteMAM exi t s
t he VAM synt hes@s ﬁ]ni t 256%vi a line 258 antgﬂen}/yers a distillation unit 260

e vam sy PHDE SHEL, FREFEILEDE, adPIROILE, B BE PR FPus e stRuagys .

t he VAM syh can t romthe react uent  gases via a

conventi onal renoval system (,not shown) andrecycled to the POX reactor
212 via | i‘ﬂéthg%. Plf”éfoa%é CE)%{ istiei P?egsto( ﬁIB%P?% ﬁ‘%}m?r?f‘?“%ﬁ?\/é’r%%e%?%%“i%yasi’?8? ude the
co

steam system cooling water, npressed air and the |like, can be supplied
froma pr e iaagficnasichanbimpoaiasynhesis 4pitsh s Weld Stesms gnsrajedpy ‘ﬁ%@gci at ed
processes, such as, for exanple, acetic acid and ammonia synthesis units,
as wel | . Sieamregeesr fomdihsyacsts taeidnssathasisconied §2 fandfor tang cibest ssocidpd
synthesis unit 132 and/or any other associated integrated unit, can be used

to drive Ofnte%%l@d Yin3! &&bd aswa@eariwmmp@gogteahawatewﬁunp@m ahown), 111,
POX reactor 112, CO2 renoval unit 120, and the |ike. [0045] The parti al

oxi dat i on ASRAUAIRe A ﬁ?Pbgmﬁ&SPuz‘,'t‘%?zJeh@%lmaﬁd'ih%%ke.as generators

to which pre hydr ocarbon and oxygen are supplied. Optionally, a

et aur e Toda P AR SRR kRl SRR BhL Mg @
cleaned to r %rmél o sog tere%ggs t%t Dvﬁlrchparreﬁga%e"él ﬁtcﬁoéar on Iartl = e%ngrecs%n It1)eed.f urther
processed gatalytic gas gen p Y Y8 pp
Optionally, a temperature moderator can be supplied to the reactor as well. The
partial oxidation reactor effluent is then quenched or cooled, and optionally cleaned to
remove soot and other particulate impurities, and can be further processed or
separated for additional downstream uses. When hydrogen gas is the desired end
product, such as, for example, for ammonia synthesis reactors, high and low
temperature shift converters can be employed to convert CO and steam to hydrogen
and CO2. Where carbon monoxide is the desired end product, such as, for example,
for acetic acid synthesis reactors, any CO2 can be removed and recycled to the reactor
to increase CO production, or reverse shift reactors can be employed to convert CO2
and H2 to CO and H20.
[0046] When the partial oxidation reactor is from a pre-existing methanol
plant, the burner can be adjusted for operation for use with a methanol feedstock. The
partial oxidation reactor temperature can be maintained from 1100°- 2000°C (2000°-

3600°F), preferably from 1300°- 1500°C ( 2400°- 2700°F). The reactor pressure can

be maintained at between 2 and 6 MPa, preferably approximately 4 MPa.
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separated for additional downstream uses. Wien hydrogen gas is the desired
end product, such as, for exanple, for ammoni a synthesis reactors, high and
| ow t enpewet2ussmosisbft converters can be enpl oyed to convertCYC®sanohost eam t o
hydrogen and CO2. Where carbon nonoxide is the desired end product, such
as, for exanple, for acetic acid synthesis reactors, any CO2 can be

i -enoved and refpd7edh¢ praduetioreat syrgas drobm tigeid smdGOligraachont materialsrcanever se
shift reactors can be enployed to convert CO2 andH2 to CO andH2QO. [ 0046]
Wien the pafidd Rkulokd dRtiréRnéeathety iswint@MnipuRites exkh bk ig exatlpi)adoyp! ant ,

t he burner can be adjusted for operation for use with a nethanol feedstock.

Th ti Hehat | | ' f 0-
20000C ( 2000 CHR000R ot SPoraR Yoy am 1386 oot T gk 0 AL e

reactor pressur an, be i.ntained at tween. 2, a VP, ef y

appr oxi mat @3%91%521{160@@5?0%0 %atfcfli%esnu 2ol If’jtsatforno T?Ngt&iadcedga?\g;tsol i d
carbon materjals can often resuylt in the presence of many unwante

i npuriti esbeds sueh &% ploexagpieni p&/@g@{bdg@g{x cielyst eguybe Wreg tRIé?mPW“gWH NH3.
Typically, when natural gas is used as the feedstock for the production of
syngas, a Gesufeedrprivr g/ S@plyingt fotheursaetoni thecauseathalnpgiralogas, ussdch B, for
exanpl e, ni ckel / nol ybdenum cat al yst can be used to renove sul fur fromfeed
prior to smepisngrl the mbthahelabisosilreabeausiéurizoé andt the ahethasol uysedudt rhat he
synthesis of the methanol has already desul furized and the nmethanol product
has alr eadéﬂré’ﬁ? NoeRHT bufriffed Wfdﬁjs‘tiﬁﬁﬁéﬂ 3t @Bt coRRinABAalCARMRALD® Mbcess,

purification process, nmany of the undesired inpurities nornmally present

fromsynt hesi s Wt . Ur i | . syngas
ARl ORI R T S S R S
?;t IH (2)._. %zéf%ec%g&%m(ilrlae’cg %rgl%dthg (s)yrlggs %)rb)ﬁu&.r esent specification as the "R

[0048] The effluent from the partial oxidation has a molar ratio of H2-CO2 to
CO+CO2 (referred to in the present specification as the “R ratio” (H2-
C02)/(CO+CO02)), which can be optimized for the production of CO. Generally, for
the production of methanol, an R ratio of approximately 2.0 is desired. For the
synthesis of syngas high in CO, the H2 to CO ratio can range from 1.5 to 3, and
preferably between 1.5 and 2.

[0049] Suitable temperature moderators, to control the reaction conditions,
can be added to the reaction zone and can include H20, CO2, and N2 from the air
separation unit, flue gas, cooled and recycled effluent gas, and mixtures thereof. The
need for a temperature moderator is generally driven by the carbon:hydrogen ratio of
the hydrocarbon feed and the presence of free oxygen. Preferably, the temperature
moderator can include a portion of CO2 cooled and separated from the partial
oxidation reactor effluent and recycled back to the reactor feed. When steam is used
as the temperature moderator, control of the flow rate can limit or prevent the

production of soot in the reactor.
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C2)/ (CO+CR2) ), which can be optim zed for the production of CO Cenerally,
for the production of nmethanol, an Rratio of approximately 2.0 is desired.
For the swyotbewios260f syngas high in CO the H2 to CO ratrcw/@@aws@aome from
1.5to 3, and preferably between 1.5 and 2. [0049] Suitable tenperature
noderators, to control the reaction conditions, can be added to the
reaction zone &0ds@jafhd GORUREINMRIOINICEaraed ki flnarnsthemaito & &}§2-delh on
unit, flue gas, cooled and recycled effluent gas, and m xtures thereof. The

need for &4enperal-waa @ﬁéﬁﬁah%%i SoRnes i | EOifis\é?ﬁatbc)’ntét@lilﬁﬂérboamhydr ogen
rati o of the hydrocarbon feed and the presence of tfree oxygen. Preferably,

the t e”perr?(%@%&?ﬂgg I%g@rg o) f&ﬁ&a&;&féf, Hgg%{@io%%tﬁf)ﬁgg Nith G120 k&d a%%tehﬁ?par at ed

fromthe parira ation reacto uent and recycl ed back to the

reactor feed en steamis used as the tenperatur rator rol of
the flow r‘&?@a&n g?rfeﬁqﬁs BAIPPEF Olf"ﬁléneﬁr%lgﬁcatgi%ﬁan%%a%gggt &%ﬁla?%gﬁme’
reactor.[0050] The CO2 renoval unit separates the effluent streaminto a
002-rich amethyldgthanclaaring apd 4he &@Fn@q@gﬂ%éﬁWﬁcﬁ‘i‘g\?m@@Q UEh 25 LAY 88i prent
and net hodol ogy, such as, for exanple, absorption-stripping with a sol vent
such as wepeassiune chadnodtes, gadethal like. agudo (2 bheensicanitiping pepreasgs are

et hanol am ne, di et hanol am ne, nethyl di et hanol am ne and the |ike, aqueous
al kal i carqpnatenlls ushilasle sadier thanthdp odeashtionsc Gitbotoat SslfinahdRedtisoll i ke.
Such CO2 absorption-stripping processes are commercially avail abl e under

the trade glgsigmdid-OnasEEIIEN ) angyhd fimol ., Rectisol, Purisol, Fluor, BASF
(aMDEA) and thé@?i; lg’e. FOéSl] Tf?eanCOZ- Ilean streamcontains primarily CO and

(al ) | t ream cont a !
nyar ogen- 11 ch_ SPedebie T Eap s SR RE AR ICR Ak Lo e

and/ or met hodol ogj es known in the, art . .
separatedgln a CO separatr}on unit 1rnto CO-rich and hydrogen-rich streams. The

separation unit can comprise any equipment and/or methodologies known in the art
for separéting the CO and hydrogen mixture into relatively pure CO and hydrogen
streams, such as, for example, semi-permeable membranes, cryogenic fractionation,
or the like. Cryogenic fractional distillation is preferred, and can include simple
partial condensation without any columns, optionally with a pressure swing
absorption (PSA) unit and a hydrogen recycle compressor, or methane wash. Partial
condensation with columns is typically sufficient for obtaining CO and hydrogen of
sufficient purity for acetic acid and ammonia production, respectively, keeping the
equipment and operating costs to a minimum. The PSA unit and hydrogen recycle
compressor can be added for increasing the hydrogen purity and CO production rates
if desired. For the manufacture of acetic acid, the CO stream preferably contains less
than 1000 ppm hydrogen and less than 2 mole percent nitrogen plus methane. For
ammonia production, the hydrogen stream which is sent to a nitrogen wash unit (not
shown) preferably contains at least 80 mol% hydrogen, and more preferably contains

at least 95 mol% hydrogen.
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for separating the CO and hydrogen m xture into relatively pure CO and

hydr ogen streans, such as, for exanple, sem -perneabl e nenbranes, cryogenic
fracti onavoangs/s26bhe | i ke. Cryogenic fractional distil lpatriconoessopoef erred,
and can include sinple partial condensation w thout any columms, optionally
wWith a pressure swi ng absorption (PSA) unit and a hydrogen recycle,
conpressor, or [P8fPlabkanelshl. PArmpthind ofsedstesdt steaemnils Furidiedriasa ip8rtia)pi cal |y
sufficient for obtaining CO and hydrogen of sufficient purity for acetic
acid and asst@dicx REQEULY itnrecheapethytebyn akkepbogntohexideuiTherentthanod
operating costs to a mninmum The PSA unit and hydrogen recycl e conpressor

can be addgg.fofs kppliedst A%atd 161 NYoE RarMestisil,t Whaddt Gcpmbiiee tign 719t es i f
desired. For the manufacture of acetic acid, the CO stream preferably

O e ik HOARBP IR KR RS AN bP Skl aRe DafiRl SxREIES Hactt | © 0081

pl us met hane.” "For “ammo ction, rogen streamwhich is sent to

a nitrogen, wash unit (not.shown wef | dCcont ai at_l.east 8 %

hydr ogen, ]én‘EPel’i‘H?‘g %ﬁ%?@’%%lyc%@%ﬁng?’g? c]I\{:%aaéjp g %‘1%‘98‘%‘ %gae(rgl?’{%%)SZ]
Example 1. A nethanol feedstock streamis supplied to a partial qxidation
react or f opfflupet streaioy &aybosr dinyide Gaehe ERPVEd Hiosh therHBas S8 CarkRI OfGIRG A o
streamis supplied at a rate of 1438 knol es/hour, where it is conbined with
719 knol esé¢diborr diokidexichestreamding 8dcakmyl distiflolran sfrearn @f parbTh mqparide and

oxi dation reactor is operated at approximately 1300C (2372 OF) and 4 Mra,

produci ng Ry&YRGASTES tdrbenUiciideam steanbom Bé exhidé oc @ollbeed. effhe eatbbn om t he
syngas stream producing a carbon dioxide-rich stream and a carbon

di oxi de- | egﬁxﬁgﬁgg{@t&fdmC%ht{g@u@Wbqecoﬁﬁowﬁéﬁgl%”‘coﬂﬁ&eﬁﬂi_ @dken and

di oxi de-rich streamcan be vented or collected. The carbon di oxide-I|ean
st X C RN N RO TR R
and 1812 kmoles/hour of hydrogen.

[0053] Example 2. A methanol feedstock stream is fed to a partial oxidation
reactor for recovery of hydrogen and carbon monoxide. The methanol stream is
supplied at a rate of 1438 kmoles/hour, where it is combined with 719 kmoles/hour of
oxygen, 350 kmoles/hour of steam, and 296 kmoles/hour of carbon dioxide recycled
from the reactor effluent. The partial oxidation reactor operates at approximately
1400°C (2552°F) and 4 MPa, producing a syngas effluent stream. Carbon dioxide is
removed from the syngas stream by known means, producing a carbon dioxide-rich
stream and a carbon dioxide-lean stream of carbon monoxide and hydrogen. The
carbon dioxide-rich stream is recycled to the partial oxidation reactor at a rate of 296
kmoles/hour. The carbon dioxide-lean stream is supplied to a cold box where the
components are separated, yielding 1045 kmoles/hour of carbon monoxide and 1812
kmoles/hour of hydrogen.

[0054] Example 3. The production of acetic acid from a plant having the

operating conditions of Example 1. A stoichiometric amount of methanol (1045
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1812 knol es/ hour of hydrogen. [0053] Exanple 2. A nethanol feedstock stream
is fed to a partial oxidation reactor for recoveiy of hydrogen and carbon
nonoxi de.woheosmesisanol streamis supplied at a rate of Pé¢3R Yk medonour,
where it is conbined with 719 knol es/ hour of oxygen, 350 knol es/hour of
steam and 296 knol es/ hour of carbon dioxide recycled fromthe reactor

ef fluent. Hhelephotn)ads adddddatthe narberetcmoxdpeichtsesamt(1ppkmxlestrvet)yn 8400C
(2552F) and 4 MPa, producing a syngas effluent stream Carbon dioxide is

removed fr gt AeidsyABass shit RARBYcKPRIXiHBRIISL04P kel G of SRtibasid.
di oxi de-rich stream and a carbon di oxi de-|l ean stream of carbon nonoxi de and

hydr ogen. The c L Oxi de- rich i Y 0,t j

oxi dation react giuggrEgérggfteeﬁofﬂ%Q%‘% E%@Séﬁ%‘:&fﬁ? #Ld:ﬂgglr %ﬁ&éﬁg‘%déﬂhfean
streamis supplied tp.a co box ere the .components are separ

o1 el ai ng. 10080k PR ShPXERPEon bR HETRG TaL o PR OLF oF

hydr ogen, 0054) Exanpl e 3. The gr oduction of acetig ac'kd Ir&g@ .pl ant -
havi ng t hekepleshornds eddnd toitha sarbpn monepiderich sireamdil {pf SMOIESNOU LB AL of
met hanol (1045knol es/ hour) is added to the carbon nonoxide-rich stream
(1045 knol ecticaoid)syithesinuait &t prodedsi appeyximatelyi 19 3dkintolesthqur ofiagséic acid.
approxi mately 1045 knol es/ hour of acetic acid. [0055] Exanple 4. The
producti on of agEIs6E TaE iinhehfionTisadepdritet abavd mgrefenence pe jdcifitgexaampiiistandns  of
Exanple 2. A stoichionetric anmount of nethanol (1134 knol es/ hour) is added

to the car o fRAAE dend hichsShiaRhis é4 8 KIRUtRS/ HOWHI td Be EhiRASSy teaci d

synthesis unit to produce approxi mately 1134 knol es/ hour of acetic acid.

[0056] The ol 0VENE | Q01038 o RiAL 88 iARAMEE NoliFT SLENEBulO pEPRGE e XATP! oS

and_enbodi _ Jan boun _ e’invention are no
e e or ot atsraioe oith e kAP s2SH Sina "Gl or°ule bl ' AR varkbll SOV

modifications will be apparent to those skilled in the art in view of the description and
examples. It is intended that all such variations within the scope and spirit of the

appended claims be embraced thereby.
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accordance wth the full scope and spirit of the appended clains. Various
nodi fications wll be apparent to those skilled in the art in view of the
descri pt iwo 2a0sbos26anpl es. It is intended that all such wyamicatoemsoosit hi n
the scope and spirit of the appended clains be enbraced thereby. CLAIM5S 1. A
met hod for preparing a hydrogen-rich streamand a carbon nonoxi de-rich
stream conprising: reacting a nethanol feed stream and oxygen, and
optionally a tenperature noderator, in a partial oxidation reactor to
produce acsyngas stream separating the syngas streaminto a carbon dioxide
rich streamand a m xed stream contai ni ng hydrogen/ car bon nonoxi de; and

oS R, MO R L POty ger e

nonoxi de-ri ch stream urt her conprising
vaporizing the nethanol. feed stream supplied to the partial oxidation
reactor. 3. THEAHRCABAISPET| ai m 1, wherein the tenperature noderator is
sel ected from steam carbon dioxide, nitrogen, cooled aqfi recycl ed
effluent, or nixeantiog a methapel fogd strpam ad ¥YSEr 28 HPRHPR2LYh SRR R IFe
tenperature noderator is a carbon dioxiderich streamrecycled fromthe
reactor effluent. moddhernatadmdtiadfoxelatipmrebectonteprofdveet dwyngas stical; oxi dat i on
reactor is catalyst-free and operated at a tenperature between 1100 and
2000C. 6. The mekpadtind thel Fheaslstreweih®i £ cdrben pivkideatichostiedat aroine méwest or i s

operated at a tenperature between 1300 and 1500C.
stream containing hydrogen/carbon monoxide; and
separating the mixed stream into a hydrogen-rich stream and a carbon
monoxide-rich stream.

2. The method of claim 1, further comprising vaporizing the methanol feed stream

supplied to the partial oxidation reactor.

3. The method of claim 1, wherein the temperature moderator is selected from
steam, carbon dioxide, nitrogen, cooled and recycled effluent, or mixtures
thereof.

4, The method of claim 1, wherein the temperature moderator is a carbon dioxide-
rich stream recycled from the reactor effluent.

5. The method of claim 1, wherein the partial oxidation reactor is catalyst-free and
operated at a temperature between 1100° and 2000°C.

6. The method of claim 1, wherein the partial oxidation reactor is operated at a
temperature between 1300° and 1500°C.

7. The method of claim 1, further comprising reacting a portion of the methanol
feed stream with the carbon monoxide rich stream to produce acetic acid.

8.  The method of claim 1, further comprising:

providing a nitrogen stream from an air separation unit, and
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7. The nethod of claim1, further conprising reacting a portion of the

nmet hanol feed streamw th the carbon nonoxide rich streamto produce acetic
acid. 8. wbeowetbwd of claiml, further conprising: proPCECQE/a0ddon ogen
stream froman air separation unit, andsupplying the nitrogen stream and

t he hydrogen-rich streamto an anmonia synthesis unit to produce amoni a.

9. The met hod of suplphiitg the dittogdnedtreamngidi the hgdropemyichlisieanano et layineméa st r eam
supplying the ethylene stream oxygen, and acetic acid to a vinyl acetate

monomer synt hesi s ubjhediQuif RAME8uE ahoBeet at e mononer. 10. The nethod of
claim9, wherein the oxygen supplied to the partial oxidation reactor and

to the vinyl t at js..unit is provided by a single air
separat i oyunﬁﬁl?@%ﬁomgﬁ%é%ﬁﬁﬁgggﬁ 8:5]1? ng an original nethanol plant to
a converted plant for the nthesis of acetic acid, the nethod conprising
the steps of: prB‘i?i"Hi;%aI’t 1§75 §f3 et hanol plant having at |east one
partial oxidation reactor for converting a hydrocarbon to a syngas stream
cont ai ni ng hydr ogjeplyies thsopthitsae siraam.apxyzenr dish aefitisxacid to anvingl #staanol
synt hesis |l oop for converting hydrogen and carbon nonoxi de fromthe syngas
stream t o met hanol ;m@fomerdimthediounistoppbdticayimt atetds momomer.t i on of a

nmet hanol feedstock stream oxygen froman air separation unit and

<r) g; ::? g ?I_ | y10. 2 THRA6haE WreldRder #hekin the diygerdbupptiad tto Ghe ppatal oaldatix dat i on
| reactor and to the vinyl acetate monomer synthesis unit is provided by a single
air separation unit.
11. A method for converting an original methanol plant to a converted plant for the
synthesis of acetic acid, the method comprising the steps of:
providing the original methanol plant having
at least one partial oxidation reactor for converting a hydrocarbon to a
syngas stream containing hydrogen, carbon monoxide and carbon
dioxide; and
a methanol synthesis loop for converting hydrogen and carbon
monoxide from the syngas stream to methanol;
providing for supplying at least a portion of a methanol feedstock stream,
oxygen from an air separation unit and optionally, a temperature
moderator, to the at least one partial oxidation reactor;
installing a first separation unit for separating a carbon dioxide-rich stream
and a mixed hydrogen/carbon monoxide stream from the syngas effluent;
installing a second separation unit for separating a hydrogen-rich stream and

a carbon monoxide rich stream from the mixed stream;

installing an acetic acid synthesis unit;
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installing a first separation unit for separating a carbon dioxide-rich
stream and a m xed hydrogen/ carbon nonoxi de stream fromthe syngas

ef f | uent ;wonsdealobiecng a second separation unit for separ @CIrny2805/000001
hydrogen-rich stream and a carbon nonoxide rich streamfromthe m xed
stream installing an acetic acid synthesis unit;providing for supplying

t he carbon nonoxpaidihg forstupphiing thencartve menaride-sieh atream dromurtha sexndd a
portion of the methanol feedstock streamto the acetic acid synthesis unit;

and installing i SO|s@%&r@ﬁoﬂ&hﬁ%dfepboﬂﬁ%@c&tdlﬂgnéthﬁlommw@k styihheshs | oop
fromthe remai nder of the converted plant. 12. The nethod of claim 11,

wherei n the net hanoifgﬂci@%ﬁétsﬁﬁf%]sisé;n‘ﬁ?g&fi zed for supply to the parti al
: e nmethod of c

oxi dation reactor. aim 11, further conpri sing:

installing an amonpia synthesis unit .for.reacti hydr n-rich ream
and nitrogen to f%ﬂ%%‘rﬁgﬁﬂ% V%P'?ﬁ/fo i atpgﬁﬁ%umﬁg%ﬁln%%g}e%% 2%%3 frgm ptg‘lr:ti on of
the hydrogen-rich streamfromthe separation unit to the ammobni a synthesis
uni t; and providi ng'elalamdﬁrr%fdéﬁcgrmegaqufa%m the air separation unit to the
amoni a synthesis unit. 14. The nethod of claim 11, further conprising:

i nstal |i nglZa Vileyhetho@peleinmd howesreis g methasolfp¢dstoclris vapmeizehipr svpply ene,
oxygen, and acetic acid to formvinyl acetate nononer; providing for

suppl yi ng at lteaisd paatigiaskidation @factdde oxygen froman air separation unit to

the vinyl acetate nononer synthesis unit; and
13. The method of claim 11, further comprising:
installing an ammonia synthesis unit for reacting a hydrogen-rich stream and
nitrogen to form ammonia;
providing for supplying at least a portion of the hydrogen-rich stream from
the separation unit to the ammonia synthesis unit; and
providing a nitrogen stream from the air separation unit to the ammonia
synthesis unit.
14. The method of claim 11, further comprising:
installing a vinyl acetate monomer synthesis unit for reacting ethylene,
oxygen, and acetic acid to form vinyl acetate monomer;
providing for supplying at least a portion of the oxygen from an air
separation unit to the vinyl acetate monomer synthesis unit; and
producing a carbon dioxide-rich stream in the vinyl acetate monomer
synthesis unit.
15. The method of claim 14, further comprising recycling the carbon dioxide-rich
stream to the partial oxidation reactor.

16. A method for preparing hydrogen, carbon monoxide and acetic acid from

methanol, comprising the steps of:
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produci ng a carbon dioxide-rich streamin the vinyl acetate nononer
synthesis unit. 15. The nethod of claim 14, further conprising recycling

t he car bowodb@viosmsori ch streamto the partial oxidati onpPceant2005/000®1 A

met hod for preparing hydrogen, carbon nonoxi de and acetic acid from

met hanol , conpri si n? the steps of:supplying a vaporized nethanol feed
stream oxygen, sunplong isomapdrized ametbpnsdr Eedirséermnd exzgesy andoopiiopaky.i &l

oxi dation reactor to forma syngas stream conpri sing hydrogen, carbon
nonoxi de and car bonedpersiude melepdoratd agpastiat axiptaniodireadtatetor forin stymgasn and a
m xed hydr ogen/ carbon nonoxi de stream fromthe syngas stream separating a
hydrogen-rich streaffeanompsighbdRditRe0 xhHhon ddxRleraa thibbadidxid; M xed
stream and reacting the carbon nonoxide-rich streamw th nethanol in an
acetic acid synt .S unj t raduce. . I 0. Tvadl claim
12, further comgﬁg%aﬁagr%c?cﬁrﬁgﬁg#&ﬁerégg? hg&%gﬂc?gnﬁg?e% hhlgdfg%?%g%b%

di oxi de-rich streamto t(gee lf%art'al toxi dation reactor as a tenperature
moderator. 18. The AN B EIMIESYRESSHEIN t he t enperat ure roderator is

st eam . .
separating a hydrogen-rich stream and a carbon monoxide-rich stream from
the mixed stream; and
reacting the carbon monoxide-rich stream with methanol in an acetic acid
synthesis unit to produce acetic acid.
17. The method of claim 12, further comprising recycling at least a portion of the
carbon dioxide-rich stream to the partial oxidation reactor as a temperature
moderator.

18. The method of claim 12, wherein the temperature moderator is steam.
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